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VORTICITY CONCEPT AND THE

LONG-WAVES

IN THE WESTERLIES

LO. Introduction.  Many of thuss prosantly
angaged in foveonating #lactwl their carcom yoars
ars whon the made oovenrs wan with nnall mreas
el chuet-time fotorvaly,  Thess  forecantors nra
Hkaly to find it difflesdt Lo htograte nto their
dally routine an aducgiato  conntdoration of the
nower knowladye of the role of the brondacale
fontures of the npper-flow patterns.  Riare {3i,°
polnta ont that this dithouity is a conoomiisut of
the nooiduidal way i whinh aynoptic woather re-
porting networke developed  Now too loug ago it
win guite an nohievernnnt far a misteorologist Lo
Lave ab bis somreand et forecast Lime 8 notwork
of reporta cavering sufliclent, area to depiol an en
tire cycions.  As a result, tho {oreosstor oaine to
know the eyolono and associatsd nppar-fovel troughs
nnd ridgos inrgely as phenomons that sppoeared to
oxint. indupendontly of developmcrds sn othior soctions
of tho bomnigphars,  The geographical axtension of
observations, especially uppor-air observations, and
tho stndy of thess ohservations bv liynwnn meteoro-
logints has proved {whai sonie had tong suspested)
thit. the eyalons (or antieyetone) is not indepsndoent
of developinonts it othor parts of Lhe hemiaphors,
rathior it constitates a cogwheol i g Inrger meohsn-
. The relationship of the eyolone to the nrgor
senle-ticw pattorna mast thorofors ho a part of the
daily furoenat rontine if progeosn la Lo he pde In
forecasting the matione of cyelanes amnd assooiatad
npper-wle wind tolds,

Uppor-sir Hlow pattorns may be rogneded phyai
ondly an coaniating of throe tiolda:  translation,
ratation (vorticity) and deformution !qunll(um
daribing theae audiona are derivod froro Lhe prim
tive Bydradynmmioal squatlons of motlon, The
practicen of ayooplic meteoralogy {or many ysnem

have takon icdo secount, at least empariontly and
qonditntively, the major oifoots of the tekds of
tranalation wnd deforanticn. Bt antl) shas, 1939
tha offeots of the vortiolty fai4 bd nol beon sou
atdorndd in uwny offeotlve wiay, sither (mplicitly or
explisitly.  'I'be wstudy ol homiaphvrio  synoptio
oharts flent lod to n rocognition of the mmilnrily of
the obmwarvad large-scalo pressgre pattorns and tho
patiorna obtalied by itagrating a abaiplitied form
of the vortleity oquation {20], [27], {28l 14 the
last, doonde groat atrides hiave beon ninde in the
applioation of the vortiuty equation to Torecasting
thoe mation of the inrgo-sorie-tlow or “long-wave
patternn”’  In wdditiop, the vorliolty approash s
proving valusble in forseasting the shortor-waves,

Thy resiits have Lbeen nsofuily applisd to foreoasta

from 12 to 72 honrs.

1.1. Organization of Manual. For tho pur-
poeen of this anusl, the disonssion of the use of the
vorbiciiy equaiion will Lo dhvided into tieo parts:

a Thw Lanuebicare orn LonG-Wave Pai-

PHINH, nod

b Pk BaacreceBesnn Sysrepms,

1.2, Vordedty:

$.2.0. Voo y in the term nsad inn Quld peo-
abaios to dowe i o the rotrtional motion of in-
finlteaimnd  ild  elwneatn. The aynoptio wmeteorn-
lugiet, howaver, !5 councerned with flow patiema
of a aonto fornd on w wanther map, rathor than the
motion of ndividia! floid elemmoa. Thoreforo o
will bo dealing hern with mean vartleity averaged
over an aron whose lHpaar dimeastons sre soma
hundrods of milen.

* Nuslore sanloam! In brasketas are cliatlina to rafacwnoes bata! al the enid of the Manual.
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181 teanive Yowrtrery, 'The vortlaley tnoa
harlgantal corront enn bo hroken down into two
ccnpannnta, ane due ta the enrvatur of the stroam-
linea, and the ather due Lo the ahoar in the surrent.
A axangpla wil tHlustiwte thin Constder a8 flowhayg
river.  Plaeo an the wator twe stloka, one perpondl-
anlay lov the current (A) and oup parallnl ta the
gtrenmibimes af the ftaw (13) (ree fioire In),

i -l matend esesaadey e
A
S ol o e ¢ el
S T
= B - ~4- 'S »
NI N - e e »

Seherontls dlagram Hustrating sero col-
aive vortiolty,

Figure tn

1200 1f thaa Is nolther curvatnre nore shear
in the current, nvither of the atinks will altar its
orfmdation elntive Lo n Bxed costihanty system
an they are trnnslated (Lesnsported)  downatroam,
Huoh n onrrent. onn ho mabd ta have na vortieity
rolative to thy coordinate aystem, Now el un an
stine & harizontal shear oxists in the onreent; s
llnstrntadd a0 tigure 1h the shoar resnlta In stlok
{A\) hoing rotated,

> - > -

> - - —
e~ .- >
» ~ '

. eﬂh«malm dha..m titastruting positi-v
{eyalente) variloliy dan w anear.

Flgure ih,

L2 A2 The vortieity 1o gonernd s the som of
the rotutions of the two shieks 1o relrtian Lo s ised
caotdinate pestern The vortieity Is then said ta he
rehative Lo thie seordinnte ayatemn {(Rotntion s
the chinnge inanglo per time nait) 1o e came nhava
anly ihe stick aarmnd ta the atremnlines will rotnte
and Bt dn aeen that the vartioity s ciqund to the shony
of tha encrent,  Next ansima that thero in no nhoai
hot that the strentidines of the law nre curved. 'his
rosulta i R oroisticn of sthok (1) ax Blustrated in
fignr 1o, Note that ntick (AY doen not otate,
ninco Ltha shear Is serq

1813 For dady oporationsl use in woather
rondysin nnd fursowationg, the relative vartisity fleld
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Figure le. Hohemntle dingran Hlnstratliag postilve
teyclonie) vorticity dne ts eurvalare,

of atmonphorio fhaw patlors (i, o mlativa Lo the
onrth’n avneface) mny He evainaied from the enrvaties
und speing of contours on constant-prosmire mie
fucon

1.2.2 Amsorures Voarrerey,  Howaver, the qosi
tity which apjienrs In the vortlelly equation fn the
alaahitte vartlelty. The vortivity equntion, hoing
derlvedd from Newton'a Heoond Law, of aoflon,
el contaln ternn deseribing wotlon with refor
anco to eoletind courdinates, (. o, with respect. ta
the earth'n arientation in spunoe rathor than with
respect to the earth'n surface. Bloee the oarth in o
rotating sphorold, alt poluta on s sirface oxeept O
those on the equator, huve & componant of eosiation
aroutd the looal vartlonl.  The magnitude of thie
emnpedient of rotetlon s ® funotion of lailtude and
i vaual Lo the Cardolia paeameter (2 G sln @), The
absolute vorticity in thoa defined na the man of the
Cariolls parsimcter and the mlutlve vortleity.

1.3, Largor-Scals Patterns. Ry invewti-
gated mionns of obtaining an equation which waul!
Rive ibo uposd of movement of Inige-senle wiaves In
the atmosphers. By “lacge sealn” he hind i vonid
those waver wilieh wore of 4D e 120 laugitade
degreen I lengtls 1o obtmn the wave apead, e
ived the vorticlly equatlon with severad aunphifying
anstuptions some of which are soverne (20 16 i
important to know what imost of these aanqmptions
wrv, The onen Hroussed Lelow nre thws with which
we are direetly concorned when npptying the long-
wave or Hosshy equation to tarecaating. Homshy
aonmiderad that the wave motlon wun taking plnen
i wn atoosphore with ns horleaital  temporatitre
prmlent (wimds conrtast e dizocthan and volonity
with holght trem surfaes toc tap of utmonphero).
Thia s enllet n mngle layer bacatropie atmoaphere.
For the pructionl bogpliention of this msnmption

‘ ; s ¥ a 7 > Lo ; i 1
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sony parngraple 200 Rosshy also weaiikl that the
ew  gpmbtarnn bt this harotropto alinosplmree cin-
tninend e ulaen! abeoar. Phin racans the rolative
vanidoity Iy given only by the purvatire of tha
strentatines.  Another wwsption  wias Lhirt thin
oy ynblern in plonsoldal mind of small nmphitnda
pror pran, 21025 bvurther, ho mssimed thiat Gl
wbaolnte  vartlolty  remmined cwstant with  tine
whieh meanw that ehangen of relntive vintleity (1, e,
of envvalure uf U straaihines) ovenr anly whon
the Carmlis piemmetar nhungoes.

Tho agantinn for the wave apaed that toasby
drrtvad s

e ~1 o 18/4s°, vihwre

o = wave apsl,
U e wonnl  wieed
npeest),
1 e actind olsarved wave fongll aad
w tulo uf change natlhwan of the
Cortolio patataoter -
2w (s 0 whish
K
w = aongufar apasd ol the oacth,
¢ = tablbade, amt
E w rmiliva o) tha eardly

apreaeed  (wonl-wiod

14 vaae b weore Trons muation (1) that thn wisvn npesd
i i (nellon of the spied of the west wind, the wave
fength nud iatitode Dotenmination of Liese -
titless in dinonmsed in sention 11,

For statlonmry waves (c=0), squatian (1) mny
L wrattear i the forn

) 17 = pa L2/ 4s?,

where [, (Lhe atatlonnry wavae length) s a fungting
uf tho stramgth aml position of the mmnl wind
stroaca, sid niny be used punveniently to represent,
the wave longth it a hypothatienl stationnry wave,
liminsting {7 betwoan wgiations (1) aml (), ¢
boomnen

n
(B) ¢ o ({a* - 1Y),
4s?

In cquntion: () the wave speol e give:. w n
funasiton  of  the dilferonee of the wpinees of the
hypothetieal-stationney (1) nod olawevad (L) wave
fongtha, and of the ‘ntitde uriher, vore pariaon
of these fwo wave bngths will indicate  whinths
the wnve s

aMintionaey,

prograsatve,
ur ietrogrmle,

{hy w L, ¢ w (),
(La = b, 0 » ),
(o« L,o "
in applving the Romaby cipation G the wimtion
of atmospheric wave pallarns, L in nooeasary (o
koep e ond Ghe ot Ui ehe mntion deanribed
e Uit of lge-woale syslemn 1o, of waves wiyom
wavn length and mnplitindes oo inrge ono.gh that
the varintion of thi Corwsdin pacminoter with latitide

v of bnpartanos b determining this wave dynmios.

Theme ave callsl tha long wavea (e magor 1wapes) el

may he dolinal s thuse kunoaphario waves of re-
Intivaty Inege sooptitide whtel sxiat in depeh theongh
the tropoaphiere il lowor slratoaphers (son Rosstry
7] Nounina [1R], Fults [12], and Cressnan 7))
Fhoy wre sasoointed with waim tropoapherie ridges
and cald troposphierie troughs fonnd in the mid
Intitude wentorlion.  Thoir - horfeontal  amplitindy
ieremson with hivdght i tha tropoaphaom, rehing o
msximmm at the tropopanse, sl hwroases with
betlit i tho abentosjiers. Theiy mation s elow,
seledonn axeooding 058 tong. dog por day. They ofton
remsain qunst-atatinnary for periodas up to 8 wenk or
rase Lo Lo this slaw mation tisw oftea spipear
an wavos of targe amplitude an Halny mwean npper
tevol elisrta

The ddenbiliontion of o long wivos ni jow levaels,
piertioudnrly ni YO0 tabo mid below, s mado dittivale
by the pressnce af the rapidly movisg, makinr-renln,
war tranghe aned oold dldgon (sisor wapes). Nine,
the minor wavea deaornse in mmplitude with halght
the bowt level for the blantiliontion of the loing winves
ia near tho tropopnnee (300 mb or 200 mb) wlhors
thrslr wnpditnde in groatest. Owlng Lo the lack of
high-lovel datn aver owich of the haminpliere, the
800-mily chart s enrrontly useml as the Lmaiv vhart
for the ntudy nol aonrdynis of the long-wave patterns

In order ta aso the sqnation (3) as & tool for fore.
saating the lang-wave mation it is necessary Lo inve
goma hlea of tho futnrs varintines of L, and of 1.
‘The problem of foreepmting T, o a0 very diffiealt
ymo, and line uot hooi snlved satisfactorily. Hownvur,
it han boan abiown by Crosann [7] thnt varintions
of L. aro gradual, haviag licde sffeet on a foreeast
fur 1 or 2 daye  Althnugh porsistont keemdus in the
values of L, ennn oceanionnlly bo deteotod wml ox
tenpolrded, most of the short terni (12w ar 24-0a)
visrintions i L, stnown by the oomnpilations wre due
i drvegatantien in the woalysia, oumed wiminly Ly
tnek of dntn, nmd nre vol sgnifleant. e faot, ame
sril ofton obtnin Lhe moxl ropresentative vibin of
Ly by nvoraging Lo viduva vomepitasd fronn Lhreo or
four suvesmaivee 12-hy ompm. D o rogatar foveeiat,
routine thea, L, may be ovimidvre] an encly con-
alaut.

Tha varintion of astunlt wave-langth enn b fape-
sl to noeortan oxtont by & tisatinout o whish 1,
tn natiaied e live s vonthimons vierintion nlang the
r (wost-oant) axia (Crossuan (8] 1 The peactienl
application of varinbions 10 netunl weve-lengith are
winenimesedd 0 wonivon 11
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1.4, Smaller-Soale Pattarns. Tho use of ad- sonle troughn and rlidgen fn the mid-teuposphoro
veation of relative vortloity (in which both shear  are clusoly sssociated with the advection of the
and ourvaini are considered) s helpful in fore. XYanb rolative-voriacity lield.  Thin will be dis- o

¢ canting  the mmnller-sonlo  wave pattovne,  The oumand o aonlaon 1T,
prineiple tuvolved ia that the motions of the amallor-

()

o . S W

— e e

Ry e —

5

O

R e e R L ..
, ot iy W"‘WM? "‘*t "7

‘ S
: F iy 1 2 STy g "'"i‘.' ""
‘-) -,o),-._ i I,_‘.',,. . a." _? A 57 ( 1‘& ““ -
1&" 3 e "\: @ f 3 o u




4

Seotion 11

APPLICATION OF THE FQUATIONS
FOR WAVE MOTION TO THE SYNOPTIC CHARTS

A, GENERAL PRINCIFEES

3.0. Equivialent Bavotrople Leoval.  tho prio-
cipil dillionlty  ouconntnrsd dn the wpplieatdon
cqguation {(4) to the synoptio elinits s causod by the
ineroman of wind withe height in the aotusl baro-
alinle wtimospibero, since equatiin (3) wia Jderlved
for s singlo-lsyer baratrapio  stotosphboro, i
difleulty s sunmonntel ky the npplienthon of the
compitatinns to the oquivabmt harotrople lovel,
A dioussion of thin question has boun given 1y
Chanoy 18] amd by Charnny and  Khassen  {5],
Thoy have shown that “an mpivaleot-hnrolraplo
atmoapliere o b slotiued, whose motian rores-
ponds to thn motion of the bareslinio atmosphery
at s certaln lovol” A conmtderahle mumber of in.
veutigalivng by Charney [1], Charney nod Fljasser
8], Charney [4), Cromnmn [7], and Pabnén and
Nawton 122] has shown that the leval in guestion
Iz very nenr 0 mh In forscanting practico theu,
tho statiunary wave longth is avaluated from the
winda at 600 b, ‘Uhin in dans by working dowie
fromn the H0O b nurface, as doeenbed in the Ar-
rrNInx (par. Al

2.1, Cettorle for L, Tu detormining valnes of
{.e frona the upporaic charte, the llowing eriteria
should ho unsd

n. The wren o the obart, ovnr which [, s
sotpubed and Lo ho appdied, shauld oontain nowall-
detined wand sontiunoun boll «f woatorhen, iu which
tho long wavae pattert in quieation is feantoed

B, The area ovor wliele 1., is siaapatad aloald
fnelude about 120 leng, deg Compuatationn ain s
annl wede, 0. g, Tor peatoen of ationl 50 long. dog.,
will Jactado lons thun aie cenve longth and will be
auroprossatative of lnrgesonle stoditions Fhey

will anduiy eaydiasisg relatively  loeal ponditionn
i n tunjar Ltough, or in & major ehdge, On the
uthor tinnd, octapuitations thnt weo mndo sroild
thn homisphers, such ne for the gonnl whid apwewd
(I e, 2) whiolr is sveraged Tur fixod intitinke nnd
fongitude soctors (roo Avrenmx), will uol de voery
umeful in view of the polar eeoontrisity and wave
{ormn of thn wostorlion,  For nxmnpy, it i obesrved
thrt tho wosterlsa ovar the UHSH aro usually muoh
ferthor norkh than thoes over the Pacitle.  Unider
thom conhitions the eompitation of the seant wind
apond avornging nrounml! che homisphoro nt one Iati-
tude wonid nut retloot the (ull strongth of the woestar-
lisn.  Thorefare, a 120-degroe suetia han boon found
tha bewt. ohotes i1 praotion, I computations of
£/ mudd Ly on w Liemisphorio sosla aro domirod, thoy
ean bo mwdo soparately for thros 120 loag.-doy
#20LOTE,

e, Ly ahould Do computed for n mnos of 5
Intibids Lolte navering a 1ango sutficiont to jnchido
the bolt of wosterlioa (uaonlly 25° 60 M), Next
oo nomt oliose tiee purtioulsr L, which best ro-
prosonts  tho  nixionm vore of  the  wontorlion
[lowovar. whon the wives of Lhe current have
unimially laegn nmphitnde, none of the 5”-Intituihy
Lelta for the 120" gector sy bo anfiaeutly vepro-
wentative ta bo usofut. A judicham weloction of the
120 Youg ~«dog. weotar in aeadald to Mt tile require-
ent aatinfaotorily,

i 1 de sematiming elworvisd that, Lo aurrents
of wontorlion, both having conudernblo atreagth
wt JOO b will b prasonl st dilforent. averego tetl-
tidua, Whon tlda noours, the sompriintion o the
atatlainry wavo deaggth for thie sector iy ho un
roprmontativis of otfthor curreni. 1o noy cams it in
advianhle Lo tuapeot tho nppee-nir oh e 2losoly
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to mee that the latitinle whioh the statlonnaey
winves Jength 8 oamputad  coereapuinle ta ko weil
delind viarvent. af waostorlios,

2.2.0. Yerifteativnna,  Hovaenl vorificativns have
bweii vamdo ol cigaatlan () for pesriods of (o U4 Lo
72 hanne 1t bus been shvwn by Crossnonn [7], aod
ale Ly e unpubilished veriflentions tlosd, when
canalinn (3) ix used on the osjar waves, with /.,
eopmitod fran the windu st 8600 mb the averegs
alwsalatey orvor (3o, withaut regard 1o snyos) in the
vorilieatinn of i 24-honr furernnt. of Lrovgh s
placeament i bebweea tw, aml
degreon,

thron  longitude
Frr perils i oxvesn af 24 hanrs, the
nhiign of wove loogtie wille thine oneed D taloeic it
neennnt, Plos can bie dane by caaputing tho tolal
displneamont i Ld-honr stops, Far sich w vom-
paitation it e neeoanary thit al lessl woverl of the
long winvoen shhaw v the ehnrt,
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COMPUTEZN (DFGRET S LONGITUDE Y

Vs ot virmin clawsrvel alwy digplasernont ta ahown e
vaade ol s ondee bwn slanding liore enohaes all 1he pointe hinving
wn ationr of beew iheee LV loag deg

Flgene 2. Benudta of 30 teats o troagli soatlan,
vaeggettrd (rone cguadin (3), lultlnf fnte aecrrnt
thie Hate chaiogge wave feagihe for T8-tanr perloda

x4 A yeriliention of the Homby  oquaidon
tnking into gevonnd, the elinge o wive longth with
tians For 72 e perrandn, an desoribied by Crooagana
18], pnvar il vosults ghiowin o Lgnre e, Pifty oo.
putntions af d-day traagh displuesnenta wero o,
Taat with sovers] vostrietionns, The fieat vostoeting
wie Lhal e situationg weao selorted soone Lo ia-
chidde vnly vnsos whars the Tong wive pritern wan
annmorvod tirongh the pweried, A chinggs 10 the

6

general stenatuen of Lhe puttsia o & shange of the
wave ninhor (Latnd minalwr of aiagor waves arauad
the hetaspdicera) duvhig the pariod wias aonaliferod
misiont Lo prscholn & test.  Alaa axeladod fron
the loath were situatious wmne the mesairemon!,
uf wave fougliv ar of sdisplacensant, was diflieolt die
tn e almouaag of @rjoi Cratghs by mbod g
of unumally darge mephitinla, T'hin elhninetasl
thosa petinrne where tle sastorn trangh rotaogrnded
during the tiwd perlod, sinee thes largo mphined of
tha rainor troughs present dunag the reteogiension
of n majur trongh 1aelly male the measureimant
of trough spoad i paanililoe

£2.2.8. Vhe wvoruge nbaolite vidie of the errors
reprommied in Lo 26 1o wie loug. deg.  Another
tonl, win eade on the smenn dula Ly telpling the
trangh thisplavstavnt. abaorvaeed in Lho 24 -Towr perlod
proonding the farssant poriod and uring the reaat.
ing, vieho a6 farormst. "Vhde ethos] oaalid L cvaln
nlowd e anddy 42 af the petberis Vhe previoas 24-
hour trangli displsceraont, could nat. e ovalise ol
far eight pattorng due to variona rensana. Vhia
mthil of forenasliay gnve na aversgo abmoliate
arvar of 13 long, deg. far tha S-dny inpluemnord.
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Figrace 20, Hypathetloal long-wave pasters an snon
an the B-mb chart with wuve leesvth tnoareashg
upstream.

2.3. Effeet of Varistion in Wave Length. The
metland of taking into aciount, the variation of wive
ougth  when caapnting haplacemet of  Crowghe
|myc)!!(| 24 Lianrs follawn,

increasing  wave  length wpafroam  toela o
decelerats travugh movemverd. I e 26, the fact
thal Ly in gronter thwn £y will decolorntay the meve-
wint of trangh | Conslidoring s sonetant. goinnl
wintd (I, o, svostant stabinoaary  wave lengih) in
conntlon (3), it vaa bo pesi that rough § will ieove
firtbor In n 24 howr poricad than trang), Yo This
i howaana (£.0 14 In grenter than (L8 1,%). Thin
thiferential gaatinn of tooaigha 1ol 11wt reanlt, e
Ly ineresmtag with thao and a eorreaprnding do
creane in (8,9 147 Hineo Lhe spocd of trongh Vs
dutersommoed Uraa squntlon (D Wy (L, L%, a dn
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areano of thin quantity will result in trouglo D alowing
down,  Similary, wrough TH will decelornte ainoe
Loy da lerwn than {0,
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Figure 30. Uypathzihval long-vwave pat)erim an seen
unt the 300 b churl wiibh wase length drorenslag
apsicenn,

h. Decreassng wave length wpatrzam  lenda  to
accelavala  trough smovonent.  Following the amie
gounral reananing ax in (r) above, o o Lo seon in
g, 2e that (147 £.¢%) In lows L (1,2 L) whinh
enlta 0 Ly deereaalug wnd (1L, 1Y) inorasing
witl thae, Thils, of caigse, sorelormten the mave
mont of trangle I Rhoilarly, tnmgh 1T whil acvesle.
mbo when (LY L' in loms than (1% 1.,Y).

The offoct of horeaning ar  docresaing wave
longths upatream ocan be oldained Ly aompoting
trongh displieoment In 24-hour stops.  Thin oan
L ddone by 1mivgg 74y (in figave 20 ar 26) fur oamput
ing thy disypdacomunt of trongh | for the first 4
hourw, and by uning Ly for vrongh 1 owed £y for

trongh THE The ramlbting new  trough  positions
will then by semoolnted witle new vialies of wava
langtle nt the ond of 24 hanrs, Howover, in order Lo
obtaire the wave length botwaen tronghin 18wl 1V
wfter 24 honen, wome nssnmplicn whont the mobion
of tvongh 1Y is wecesrary 5 none j8 mnde, the dia-
phncerrwot of trowghe T Foe tha socend 24 hurg
e not ho compmted.  Tha disprincomenta of veongls
i end N for the mvond 24 hours enn he compoted
by umse of vhe new valaen of 2 veed o0 1 g new
positione fop trongh 1Y after 24 hours i nsmineed
by sone moans (nol dinenwsod hore), n uev valne
for I la nvnilable, nnd a positicn far trough i1
et alwo ho cosqutad ab the ond af e second
24-hour poried.  The mme process van bo repoatad
glviug the trongh positiona et the wnl of 1he e
2-hour pericd. For exmnpls, tho distanee hetwoen
teanghn T oand I at the end of 48 haure wonhd give
the naw winve Inrgetl Lo bo ased in abiatning the dis
frimocmint, of trongh U for the third 24 e peviod,
If wovee yiadion v sssamed for trough IV for the
first, 48 hanrn, campatationn for the entire threo
puriods enn Lo sando for treacha 4, T and 111

I o asunption in minde about the motion of
tronglt 1Y, 48-honr dinpiscsmsnts can 1.0 abtained
apnly far teaughs | ouad T, aml a 72-hone displace-
mont. only for trough 1 Howaever, if the regnlar
wive-prttern extinals casplotely weannid Gl hewis-
phore, no gsanmption whont. the wotlon of nny
trongh need bo mede

B. IDENTIFICATION OF THE LONG WAVES

2.4.0. Space-Mean Chartu.  An poidod ont in
saction | opar. 13 idontifiention of the long waven
18 maads diffienlt by tho presence of tha repidly moy-
ng minoy waves The epanc.mean oharl, devaolaped
by Ijortadt [11], lowe proves] vary usetul by identif
cnbiom of the bay wisven Thia elaary e obiiamed®
by avorngueg s given H00-b clinet dhinplinesd noonr
tain distanoee in four diffesent dirootions, to Le ondr
of thy geid shown o figure & of four copion of the
s K0 chart worn pleced ol tho oudn of thin
geid, added togothes graptdaeally, and the mine di
vided by (aur, the reanlng chart woabl e the
apane avorngo desird

241 To ileridet the rosultiog apaso s
ohinrt, one shouhl vimmalise the grid AGCHE, of Hy
nre 3 bdd opon any paint of the origloal chiart,
Ve B0 by Baights at the wuls of Lo grid am 7,

e e detatle o wiwbinating Lhis cliart, #om Vhie s umlbis

ey v

[ il
| i
! |
I i
1 [ i
it 4 7 e il : i
' : ' ;
1 g [
) ! :
| & f g
A s T.;r S E
| ' l :
| ? o | =
| : S, T | b
! L] :
] ’
| ]
1 :
| I

o seis rmathesglve popavaant fong diffarant Looatlona ha the origical
fioxk by whart
Figure 3. Spmve-rmrvar grtd (AF o W = CF « DE -
Ao nardical mdles).
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Zow, Zo, and 24, with the huight at 1 heing 2. N
i Lie saon Lhat the helght, wl tho rorcepponiding
polot, 15 un the apnee-mvan oloirt 1w Y4 (Zy 4 Zy
4 Zo A Zan, whioh dn calbal 2y The apaeo inonn
phart v aften onlied the 2 [2ee bar™y i, 10
hina Lo dbebiesnaned feona soany vonnlderationn thist
wogrid atmes {(distapeo feam 190 ta iy of U ovtaledn
polle) of 00 nantien] miles in tho vl apefid.
With n grbl af thin sime van finda that the moall
amplitndo, apitlly moving  distarlsneca win av-
nraged ot wnd div not appenr un the space nenn
vhavt, baving the large senbs shawly noving wvw.

temm, ionlading the Iong wanvone I thn dang wave

oxnmplin whicl follow, the 2 chnets wili bu shiown
m well na the yrginal 00 eharta,

2.0, Height  Profiles.  'T'ho comsleomtinn of
haight profiles has alao been fonnd helpful in the
idantilonting of thy long wivis pullerns. Height
profilus canc he deawir it farm ol no gl of e
lntitudo of n glven Skl contane, sneh e (8200
foet, ngammt bingltnde, o e the form of w graph
of Gt et height ot n given Iatiinde clrele aggainst
Bingitade, or the “Oangle-nnd ridgslingeam' aug-
et by Hevedlor 1141 Tliese prolifea peprowent.
the targeoende prtterna wr canily  vimllznl o,
e will he sy from the exougslos,

C. EXAMPLES

2.0.0. Progresslon of the Long Waven,  1'n
gresslon (easlwanl nmvement) of the long waven n
vaunlly fimial in nencelatlon with wintively ahrt,
wave-lengitin aml wellalofinesd viajor Lranghs an
ridgen In thy mihty winl upper Gopospimm, AL
Lhe surface, Lhare am usislly noly one or Lwo prome
lnoent eyclones meroolated wilh oncli major trongh
wlaft.  Uidor the forwand part of sach injor ridge
thero i msanlly n well-developed vorfurn antley-
alone, movieg Luenrd U eaed, or routhiesst, T'lin
24-bour height, changrs nt nppor lovels nsslly hnve
a onp-t-onn passelation with nujor troaghs nnd
tidges (0. &, moting of omxlnnn eight. fall il
rise areas aasocintal respnctivoly with major Lrongh
wnd ridge motion)  The traeks uf the height-change
ounters depeml on tle movement. nnd changm of
wtensity of Lhy long wivos, wnl often meem some-
what areatio.

£6.4 The sitnatlon uf 13 18 dnnnary 10T (higs,
4§, s prosentinl je AN BXAMELE OF A rUDONBE
HIVE LONG-W/ZVE FAITERN,
of the tong waver i anade o the H00 0 cleot, the
twie surfacr eharte, tignrns Ab snd dyg, wee shown ne
uny dodiention of the relnticay of the mirines pistlerns
tn Upma I the uppes nir
Ly ronnd wanl apend nml atatomisiy wovn hingth
aro showa lo figaro Ad There i one produminant.
weab-wlind enrrent in ths Paeitie, witie msxmman
aprenda ab At 457N AL e went canal. of Nortl
Awworlen, thin mreent splitn into twe annxbms, A
onreaw mrrent hwa geroax Caeadds, whnde a bl
er one lu finaed nyor tho southorn sited titaten wnd
continming neromn Lhe Athunthe, Tha mngy will thers
fore te conmdirsl Lo o o predaidiaid e
it of westsrlien witle weernge latitnden of 40

Althiongh the annlyrmns

Tho cspatesd] vahien ol

W’h“ VJMKWW”"‘“ Tote u YHRWE vam‘-'u-'v(* m-ﬂﬁ‘fﬁ" L 2acad

15N o the Paettie wand A6 40 N aver the Undiel
Hintea winl the Athadtic.  'The northern wirrent
nerosn Cunmln will nol be ponshlered in thin ilhin-
Lenthon. AL the computntion Inkitndes, amotlomsd
whove, tho mejor troaghs are fHannl wt 137°F,
W, 10“W, i BO"W, (Moo lig. 4n.)

208 1n thin vaunpdy, thers le e rovn for
dimblL an La Lho loontlon of thy major tranghn. 'Yl
spren-inean rhart, figiee 40, prosented  for mon-
parieon, vlewrly shows Liin long-wavs  pattorn atl,
midilo bttmles. T'he valiea of Lhe sintlannry
wave length from Hgum 4} wea 91 lang. dog. for the
Pacific nwl 71 hing. dog. for o Unitim) Higton nind
this Atlantin. One of the long wayvss ovurlupe the
two sones used for computathon —from Lha Ginlf
of Almakan to the Hochy Monntum anew.
of Ly = 81 at 10"N, wlnel is nn averngny valnn for
tho twoe senes, is used far the fiet 24-henre peniad,
For tho secod 4t-ne porssd baae wave G alinont
vabtlrsly wiithio the mntarn canpitation sone nad
tly vali of [, 7Ualugroes in uned. Phe pemedta
of the compmbietione aee dicnied e benee o, A

l\ Vllllni

corntun) valne of 1o 82 long, dige wis nasnnies)
for the Pnectic (o, tho 1877 1 wraagh progresn
at e mwne et e the TOET W Lrough) in onde
that n 45 -heor poritione amtd L compiited Tor the
Chdt of-Ahwkn trongle 1 Lhe faun- Asin iroongi ned
heot mamimod Lo remnia alatinnnry, w smoniler cast
wanth aatlon winidil have Lo inlientsed far the
tinlf of Alaskn trongh D Whe socond 24-hour porhixl

o8 The nps for tho eml ui the 44-hour pori-
wh, on A Innuney 1051, wre ahiown In fgnres £
4, wnd 4l 1w muilm'.. thnt. Hhes hang wavea Dl
iworid onatwan! motion thnmgl, the pertimd. Al
thongls Lhe arlemtation with oapect (o the mertili
ane of aome ol the fonbiives (pactirnlarly the Cnlf.
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Veluew o8 atabhanary wave lengthe onmpntad fos emoly 57 1AULETA band are Nobad &8 the sptitenpiiate labibmime o
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Flgure 40, Scohiwsnutic ahuet with positfons of winjor trougin und vahises of aotiuel and
stationnry weve lengilin fur 800 mb, 0800 GCT, 13 Jannary 1981 (carvespondlng to
fig. $a).
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Figure 4. Sea-level churt, 0300 GO, 18 Januery 1985,
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of-Alanka trough) shanged, ths movements at the
computation latitudos were reaaonably elose to the
ootaputed motions.  The losation and progressive
wmetdnay of the long-wayes patlern are aleo cleardy
dwown Ly the peofiles e Ggure 40

254 The ma-bresl mapn ahow & significant enet-
ward mnrtion of the larga antieyelonsa and of ihe
major crelanis regions wa the uppes long-wave pat-
been moreed towand the ensi Ove of the meet in-
teecedang developmenta in the apposrance of 8 serice
of profeaineed matbeycluncs i w hoe fiom porth to
weasth  over western North Awmenca which ook
piare ne the major ridge skt moved 0 frome the
£iulf o Alaaks aver the codd xir in the low lavels
aver the evmtinent  Thie einslio s charsteristn
of the general type where the long weaume am pro
grrmsve, (s that the surfare anbicyrioones amd oy
rlones are well develoged, andd e mmjos troughs
b ebges RIdC Al prisesinces sl emmiy o
inisatle

284 0 b of inlerest o oowmpare e lebisebor
o thwn Lh-bemsr clhadgge  filetid, whachi are of ten
el i proguosde of the upper adr, with e long
wave pmbierma (oo Lg §) ) The we oagt comm.
panvest of the pualon of theee senler oorrespossin,
1o & certain extent, with ibe moleon of the bong
wavea: Yol he nosthoarrih enecicawnor A thetr mo
Ly depenade 2 the Blling or deepening of the ma-
jor Lrreighioy and radgee Ae & renlt, the morversern?!
aral intensity changes of the rhange patteris sansr
to e srregiing

2.7.8. Siationary lLoang-Ware Pstterwa, onee
ertablubexi, umially pecmst for & sumber of daya,
The uppes-sir Bow associnted with the long-wave
pattern  consiitutes & sieening  pettsta for the
senalisracaler  diturbanoes These  small-erabe
wrovugche ol ridgem, with thewr sewoeiated  bedghin-

!
changs patisrns sod weuk surfars svetsrne  roove

whng o the Baw of the large-scale, long-wave pat.
teeyr An shoawn by Namdss (18] Frles 182] snd
others, the minog tooughs inteoamly ax they move
thromgh the tvvaghs of the bong somvew apal woskon
ax Myey mesee thoaesgh the ridges of the bong waeven
The same changee of intezsesiy orenr i those soa-
leral trorighs o pressure orntees which are sumar) -
At with inimeoe tevnghs Partly s s resmlt of the
preeence. of these avalinr seale eystoms, the troughe
aoni ridges of the stationary long waves are oflen
wpreadt out snd hand 10 boate musetly.

£ 1. Tew srvvation or 15 17 Decnupoy 1§80,
b stpoweny in Rguros 5ao 1 Ju fgure 85 the preedc me
irant ourreai of wesderlion s (ound al middie Lt

i4

tudes. A meoond, much weakar, ourrent meanders
acroan the inap at mach highee lstitudes. Tho sta-
onary wavs lenglh (figure Ba) for the Nomth
American aocl Atlantic sone fa 78 long. deg st
0 45N Ia amociallon with & maztmum of the
sonal wirnd,  For the Pacifiz sceticn f the map,
the wiatisnare wave langth comlinnes tn incresss
fir a conmdersbde distanco porth of the mavimom
weat wind., The cresse ks dups 1o the promence of
the seroin} wraker wind carrent st & higher lalitad-
acrome Sakbalin wod the Bering Sea Ae indiosled
by the oriterss decumed i the Arpenpiz, the
vabne of 78 lotgg. deg. which e fomamed at the latitusde
of maximnsin weet wind al 0 ASON,) e the bhemt
value for the statinnary wave length  This is con
fimrdl v aprwararsem of the map, sinee the hell
40°N o 35N goea through the centee of the west
winwl =greent

£7.5.7 The Mentifioation e nasarenment of
the artual long-wmave paltern om 15 Decemlwe e
renerre dhiffouit than i the previowa ecamplde, due b
the comaplex sarictare of the pattern i the caat
Gal of the map However, the spaco mean chan
for 15 Dmeomber, fupure M, shoaw an casily idonti
fiey lovg-ware patlern At the latitides daeerieed
ahin -, Ve actual wave lengithe on 15 ]ecomilses
are T4 (nng deg in the Pacific and approvimatsly
T0 lng. deg Tor the Unfted Klatse Badh of thow
vabiem mee just shightly beos thao the vaiyes of the
staliooasy wave length. Az indicated by the abovn
data, hithe meodi shovibd e expected of the major
trozsghs bn the vext 2 daye,

2742 The MX-mb chart for 17 December
1940 (hg. Sei sbows & nolabde sunilxniy to the onre
five 15 Decenber {00 (g S The major iroagh
ove: sastern North Amerion re atoll spread cut, ita
loeatinn teing efrult Lo wpeeily svoemt on thee
spmce-tvent; clust i . The mspia tovaagh in
the ol of Aisska hae oot moved  mosd the mmes
tramagh o the men of Jupan hie retrograibed aiant
00 fiang shg The cuagor sudge wver North Sroenes
w well definet o botl: mape The manar treagh
seen mpperimpesest Lo the Pacthe mejos nidee o
the 17th aam Jiffecent from the cew in the ansoie
plase on the 1otk beth of which were maving ragp-
wlly sastward sl romgs tiowe The stafimary char
aoter of ithe long-wave paitern through thee peeicd
w oevident froow s romparmsn of he two agpace.
mean charte (fige 5 and 5 and from the peo-
files of the 1% 0o conitomr &t W0 mb, shown
fa fgure 55

g7 2 Alshwnagh llitle change oeccurs on the
wppec-air charts [0 tiie periel pronosnost @l
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Flgure 8. Zpace-moenn M0-mb chart, 0300 COCT, 14 Deocember 1980,
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¥igure 81, 2h-hour 500-ah lieight changes, G300 GO, 17-18 Decentber 1980, with tra-
Iecturles of change ceniera.

aie foand at soa lavel na n resalt of the sirang flow
alaft. In general, familien of wuve oyolones oan
he observed In tho West Atiantio and Weat Paclfio,
with n third furolly appoeaviag b the ust Panitie
by 17 Doceanber 1060 (g, 8. In middle Iati-
tudow, whore the uppor long-wave pattern is found,
under the major ridges the aurface satloyclanes aro
strong and tho troughs aud lows are feshlo. Under
tho major troughs, yariicalarly o Vhair owst sidos,
the revorso condditlon is fouad, 1.6, strong cyolanie
activity, and little or uo sutieyolonle activity.

£.7.1.4. ‘Uhe trajoctorion af biw Sé-lour heighi-
chango pattorns at 500 mb (g, 81}, follow the hand
of maximo wind, traveling narth aronnd the ma-
jor tidgos uwod sonth aronnd the aajor crovgha.
The uppor-flow pattoru in Livds sitiation conatitites
n atuble steerlng pritorn.

2.8.9. Reteogreasion of Long Waves. A con-
tinuone eetrogrossion of long-wuve trougim, i whick
the wave trougha are consorved, ik a rare ovent.
The umal type of rotrogrossion takoa place in =
discontinuons  fushion  whoerehy a  major  traugh
woskonn, nooeloraies onstward, and in traoaforined
juto a minar trough, whila & major wave trough
torms to the wost of the farmer position of the old
one. Naw major trougha are generalty faousl by
the trapsforration of misar troagha Into deap cold

RESEIPAE 2/, FINIR AN F5-5-. PP 4d om0t » Sl S

trosghe.  Hinoe the ald troughe are wenkening wiul
naw anes developlng during this aroovas, it would
be impropoer to attempt to apply equation (3) in
a phaso-velocity computation

2.8.0. Equatian (3) doo indieate, howover, the
poaalhility of rotrageession and thoreforo in nmsful
in forocasting retragressian,  When tho actnal wave
langth axooeds the stationary wave length, a shart-
oning of the wave longth is to be expseted.  There
are twan possibilitles far this adjostmont. The tirnt
in n retragremsion, an desoribed above. ‘The svound
postinlity I8 thay of an thereass in Lhe wave wmnn
hor, i.a., the farmatian of a waw minjor Lrovgh whioh
in nut companaated for by the diaappearaiieo of un
olit one, resiltiog in an ineronse an the wnher of
major troughs in the circwmpolar westechens (L
aot always poanlblo to forecnst which of these two
(uw‘.ihilll.im wlil boomne ai antaality

8.2, Ratrogresnion In soldom g loenlisnd phe
nnmmmn, but as a rle apporen Lo ocenr wa a #ories
of mirogresslonn in soveral of the loug waven, BFx
asntontion of the pariods of retrogreasion shows that
retrogression genoraily bogine In & uani-stationary
long-wave train whean the atationary wave leagth
nhows a significant decreans. “Ihla nan happens an s
reilt of & decrerse in aonsl wind spod, or of n
senithwand shift. of the ronnd weaterlion,
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£.4.3. Bowoe charaotoristion of a retrogrossion re-
glino arv:

a. ‘Trajoctovies of 24-hour height-change pat-
torun ut 80 b b viate o the Land of maxdbmun
wind. Now conters appoar or sxisting onea rapidly
inereans in infensity

h. Rapld {ntenafieatlon of wirfneo cyclonss o
the woat of existing merlor trough positions.

i

X

Figure Ga. Soo-mb chart, 0300 GCY, 6 November 1983,
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Migura 6h.

£4.4.0. AN EXAMELE OF TUE BNTROCHONSION
roocxan s khown on the mapa {or the perlod -8
Novamber 1083, (Heo figs, -0 The &0-ab
shart and wpaco-mean chart for 4 Novanber 1063
{moer fige. On, G0) show A long-wave patiern from
Agla to the Rocky Mountas o with wajor broughas
In the weatern Pacific and extronio Westom United
Tho trough at 1456 150°E has been juaei-

Htaton,
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Vigure 6o, fpace-mean 300-inh chare, 0300 GOCT, 6 Novenher 1983,
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Figiire 6d. Zonal wind profile and etationary wave
inmgthe for 0300 GCT, 8 November 1948,

stationary at this poaition slnee 2 Novembar 103
Rimall-acals troewhs havo boon moving through the
trough and this reglme continuoa thrasghout the
axamnple.  [n the eastern Pacdic the major trough

B QNSO IO DTSN I T S A I ey e

antering the U, B on 8 Navember (033 has hean
progreaaing slowly for anveral days. (g 0i),

8.4.4.1. Tha stationsry wava leagils far tho
Pasifie moctar ohtalnod fram the sonal wind profile
(fig. 8d) In B3 long. deg. in the sone 36 40°N, which
volnoides clomoly with the pasitlon of the ourrent
wosterlies an the 800-mb ohart.  Tha compirisam
of stationsry and aclual wava lengths thon i £, =
837, Lo« 08 (Nots that If the valie of R7° py
40-456°N were nolected for L,, tho indieation of
retrogrostion would not be ohangod.)  The indi-
cuntad  matengremion acenms aufoklv.  The  woak
traugh noar 1586°W on 6 Novembeor 1083 leepenn
rapidly (fig. 0a) and sasumoena the role of a slow
moving major trough by 7 November 1088 (fiy
el Htalionary wave lengths for 7 and 8 Novea-
bor 1D03 wore 83 and 82 long. dog. reapectavely for
the sone 45 40°N,  Tho ald wmajor tsongh lowen s
identity s i ooves dnte e blucking mituntion
avar eastorn North Amorien (g, 0g).  Thoe mes
level ohinrla for 6-8 November 1063 (ligs. Oh, Of,
6h), clearly show the rapid obange of woeathor ro-
ghna over the eantern Pacifin and wenlorn Naorth
Amorica (.., strong anticyelogoneals erlong U, 8§
Went Coast), ‘The not amount of vetrogresaion
shown from ¢ to 8 Navamher 1003 ammonals 1o )
degroes at B0 .

N.H8.4.8 The strong meridional flow pattorn at
800G mb over Novith America cnntward to linroge
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Figura 6F. Neus-level chart, 603D <CCT, 7 November 1949,
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Flguve &l Puclils of the I8400-fom contaas st B00 uwib, B 8 Noveinber 985, ijuasi-vertinal Huee rajisessst sajor
teongh positiena,

on 68 November 10563 is a good oxample of o f-w
pattein ta which oquation (3) should not be
sppliod,

2.9. Incroasing Wave Nuwiber,  As mnentioned
abave, whon the solual wavo lengih expoids the
stntionary wnvy Inngth nnuther mi]uuuumw G
lung-wave pattorn which oan ocenr fs the fonmntion
of & v anjor teongh which ts not componmtold
fir by the duppeamnes of an old trough.  Chix
develapraent e of ten msecintesh with robrogamson,
Wlhei a chinnge of wave numbee 1a aesoelntor! with
retrogresaion, e old minjot trongh pragreascs ol
wiurd with attle or no weaketsing wa the naw trongh
dovelops. A geieral rule of nome vatno s nw ol
tows: 1 L exeneda £, by a sl amonnt (0., 10
tong. e or wa), retrogiession will ooour,  If 4
oxcewelr L, hy w Ineger minount, the wave mnnbas
will fnsreanc.  Nameraus excoplions to thin mle
sap he fimmd. To foroenst thy sxeeptious clone
attsntion must be direetad Lo intonsity changon o
the ald trough

Hhanttorm constant.  absolule-vortlaty  tenjen
toriow (see Sect, [V) have boon found of aome vatiue

24

In dotormintng intennity changes.  'The porixd of
2327 Heptombor 1052 aver omstern Atlantin and
[urasin Ulustraton n ohinoge 1 wava numbor naso-
cietind wath potrogreanion,  (Fxisaplo wod eopon
dnemt )

b Pevreasing Wuve Druases. A Juoioanr
i the namber of nnjor troagghs in a long-wave pnt-
tern ovonm i connection with repidly  inerensing
stationnry wive lengthe, sranlly ane the woeiterhion
are shiftine tovnind  the aorth Thene an fwa

Sabling

Oy i thy !

posihilitues for Ui deercase
il of momngos Leougls wodererthed an Beoben 11,
per. 2 RLE ST
murked Dlmg of n trongh miele that it dessepponrs
T'ha trough in
whioh thiv process oamns e nsnlly ono whieh s
only nshord distsner (unuslly Yemn than £,,/2) dawn-
atrenm from anuther wnjur teaagh, A eprotacnine
oxniopln of s glecaans i wive nnmbar by fitling

The othor possibility w0 the

or moves oul as a inor Lrotgh

up of & major frongh ook prlase 1317 Soptambng

1952 in the eitors Athantie (BExnmpls ot repro-

duoed)
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ir. CHANGES OF AMPLITUS
2.11. Fosacantlng Awmpliiades. (i ndality to
predhiot. ampiitade  changoe of the daag waven ia
ok lows thinn anr ubility ta foreenat thelr motion
Thorr winphttidon wea itinenemi by poney ool
entesd offorta from fentaren sueh an the tongiiadinal
vinsbraon of ampldaade aad o wene longth (Romdy
1291 ), eetofarcoment ar weakeoning of 1he pattern
Loy dnnge-meante vasantain offnets (Charwoy ad e
aen {8)), wnd jaeal conversion of  potential it
Winete onorgy  (Chinreey, ool mal vian N
mnnn {0] ) Thove in Iietls donbt that the ayate
i forecastiing of aplitndea will Tavve tn nwnit
furthor romenreh (rea par. 2 (6,
proconaca ceap b recognizel aral amed oo forernnt,,

owever, o fow

2.12.0, Propagation of Amplitade Changos
Daoawnstrean. Roanby §20], Yob 135],
{7}, nudd Blad® Menihern of the tHaiverity of Choago
1331 hnvo decoribed a prrocose in whih s pronetaaed
volvaso al enorgy e trongle in follawed e m very
fenmstion anl aubenddContian of
They msocibe this Ly
“thaporsinn of

t ‘rorainnn

ahart than hy
wnave pullern ilnwastrona,
af dovewproont. tn the thoney thit w
manrgy'! downnteonm tnkos placy wt n epeod opind
to the gronp velieity (Lo, approximately twiee the
npoad of the sennl wisad) of the wave gnttern, Al
thongh the relativishipe hotweon aredosse of Kinetae

envry o a brongh and the following Tormntia ar
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. OF THE LONG WAVES

mbamattiention of the wave pustlorn, has bhoon known
amnirleally to farorastare for many yones, the ap.
plieation tn the ntmcaphore of the theory of the
QHINTY 47 t]io.pﬁlmnn Hur fava md.ing ‘.:lmhw'n vif mn;)h
tale s wtith ot woll andorstoosd (ven par. 2120
Nonethelow, thin npplieathon of the Wosshy theory
<t} has verifiusd connintently arinigh to conalder i
w oo forecaanting Loal,

LAe Fxnmples of thin provess of downstrensn
prapagation have been disenssed by Crossman [7]
Iigure 7, takare foso biv japer {7), choww one of
thea, O 23 Novendose 1945, whon the deespening
of traugh A wan bhoginmng, tho downastressn pat
terie wan poorly deflined. Hawaver, ahartiy aftor
trongh A hagean Lo denper the tilge to its ot i
tepmilind. This wan Tollowedd an siconmaion by the
fornmtioa of tyaugle I
oast of troppl 1, wid tho dsopeniog of tringh
Arc ghown by this sxsnpie, the sequotea of avids
which begun with a daepeniong e Novth Amneries
coatinaed antil o strong, despenng ocenreerl north
i duprin o few diyn lster Rocontly Cnarelin [17)
puldialiml the romedts of anothor mteresting  onm
stardy of the prooces. A simdinr prrooess bt on 5
dny memc chartn, starting with 2 despening e the
Coll of Ak, Tina e doweriberd by Naminan mad
Viapp (19

the farmastion of a ridgn
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2 F G AN kxasmrve frowg October 1919 G e
mented o tiguren Bao g e an e thio precoding,
cxample (g 73, when o oa loog wave potterns s
pivncaneed saptitude morease ceenrred i ane see-

Lion, windar amphitade boerses subsegoently were

Flawee Bh.  880-o:abhs chort, 3300 GCTF, 3 October 1999,
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abmorvaed dowaatzmus. Pl preticatar sluation
wia meleoted partly bhecanse o auecessful foreenat
of the amplitado chimrggor i Lun sorion wan made
e the THAE Waonther Centeni, Alr Wenthor Rerv-
jee, from the above prineiple,
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Figure 8d. 500-wb chart, 0300 GCT, 4 October 1949
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The st chnrt for 3 Ootobor 1948 (g 8b)
shewn a prancineed major trongh aver the Atiantle
Goean.  Downstream from this trongh 18 » strong
sounl enrrent, which {lows through w flat trough
aver Aaln The pattarn over the western Atlantie
and  woastorin North Amerieis ia i an advanerd
strge of u provonnced amplitude increwso, as shown
by the 48-hour ochaiqe patteros (fig. Ba). Thin s
indiented parttonlarly by the northerly posltion of
the riey gren over Labrslor with respeoct Lo Lhe (all
wrea In the Atlantie.  ‘I'be dospening in the At-
mntio continued until 4 Ooteber 1940 (figa. Bd, 8e)
wheo the wnjor trough there attained ila grontost
dopth.  However, by this time a strang Jespening
Lind alromdy bogon aver northwest Iussin, Dy &
Ootobor a deep ootd-brongh wie omnpletely  de-
velopm] aver wostern Tluasin (g 8M).  'The {forma-
tion of an intensn cold low at the mirface hotwoeun
Moacow and Bverdlovak durlng thin porlod shonld
nlso he nowuxd (fig. 8g).

ho tnoronse of amplitudos did not atop with the
formation of the desp trongh over western Rumsdu,
It was abaorved aven farthor dowoatream. From
6 to 7 Ootober 1549, a pronounced despening of
the next major trough, in the westorn Pacific, was
obmerved.

2123 ''un THBORY OF THE DOWNBTREAM DIb-
PERSIGN OF ENZNAY assnmes that the atmosphere
in sasontlatly barctrople. However, there are other
saund theorstieal and observational resscns to ba-
lisva that baroclinic effscts must be Included to ex-

E. CHANGES OF SHAPE

2.13. Blocklny. Changon In the general appear-
nnee or shape of the long waven, ss distingnished
irom  chimnges of positioa,  usially tha
stouetnre of the bamie sonal current changes.  One
type of chinnge w olmerved whon w split of the sonal
enrront. ocenrs, If the aplit affosta a relatively
limited nrn, n Dloeking sitontion e aald to wxisl,
wn desanibed hy Nuobw [18], 1tex [26]. and othors.
Withim the aroa affectod by the blocking, the long-
wave pattarn no longoe oxints. [ the aplit of the
wonnl enrront ovcuss on a hemispherte scale, as
ilmaribad by Cressman |D], soparate wave pattornn
ean be fonnd in sach eurmoni, having differsnt wave
lengthse and phase relationshipe,  (Bee par, 2.14.3.)

S BUT ARG

2.14.0, Cut-6ff Low. A procoss in cotnmonly
obsorved e which the narthern parl of & ajor
trough fille up or ancelernten eastward, while the

%

plain btensificaticn of the waves.  DBaroclinie of
feota arw avidenced in the faot thias fur savera: deo
ados (orocunatare have found It possltile to antloi
pate cortaln placos and thnes when the aiuptitude
of the upper-flow pattern will increass or deoronse
by notlng nrean of Indionted advestion of warm and
cold alr.  Thia is olwervexl when, in the mbldlo
tropoaphiere, the lsothieym patiern in out of plinse
with the mireamline pattern.  Aa an examnple, in
the cum: of w north south ayvunelrio streamline
Leontgh, where the isothetm trough s found woest
of tho atroamliue trough, an inorease $n cyclenle
vorticily ean bo expoctod tic the shrenintine Leough,
Sintlarly for ridges, If an lsotherm ridga is fonnd
wol of n symractrie north-south atroamline ridge,
an increase in anticyelonlo relative vortleity can bn
expocted in the atroamline ridge.  In other words,
vold-nir acdvection In amsooiatod with frlling 2res
sures, and wiarm-air sdvection with rigsing prewstires
In the middio gnd npper tropoaphoie,

The effeota of the baroolinlty enn, to s cortaln
extani, be considenvd soparatoly from iha baro
troplo ohanges, st thnos relnforcing and st timons
opposing them. 'There Is alsa the pomsibility that
barotroplo effecits will shange the circulation pal-
torns 8o an ta iufluence the sanditions nnder whioh
potentinl onorgy in converted into knetlo energy,
f.0., "triggor’ the baroolinle effects. In recont
years thess baroolinia offects have been inoorparate]
into numerioal foreomsta made hy the uso of nn nleo-
tronlo camputer {6], [37], [88).

OF THE LONG WAVES

sonthern part of the trongh shows itttte ohange 1n
position and intensity. By this prooess a close]
aold low  {aloft) e formed in relatively jow laid
tider.  Thin type of dovelopmont hnn boan callol
the cullingefl procoss, with the formation of n
cudoff low. A commidernble amennt, of litwratnre
axinta op thin mibject, o.g., 116] [36].

15,4, A striking example of the formation of a
aut-off law {fig. B), 1 given by Palmén {21 On §
Novombor 1146, a pranounced major troagh was
found along western Narth Amerloa,  The sl
guant farmation of the ookl low aver New Moxico
wan aopompanisd by a notable weakening and oast-
ward seceleration of the northorn part of the troagh,
Thins process involves the advoation of high velues
of the slashite vortioity out of the high latiiides
mto the law lgtitndes. At the sune tims the low
farme in the xouth, the trongh In the north weskers
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£.04.8. 14 hna hooos obsorved (Cressman [7]) that
thore e n distlnet tondaney for sovernl of (hoess eut-
off lows to forn at about the smne tire st widoly
sparntod plasen G the hemisphers.  Thin oun b
wimovkatod wita Lhe aplitting of w soual curvont on
# homiaphorm sesle.  ‘Uheso lown ek the traugh
ponitlonn «f the long-wave puttore in the southoerp
erront M the splitting and  eyolone {formntion
oveny In rolatively low iatitudng, o g, wbant 40N,
tho lower-ntitude onvrent would be most. intonse
wtoor ahove 200 mh, wind would b largely aboesipod
wt T b AL T i the ont-adl lowas wonld the.

antoar Lo be sobsted eyelonee without any pon.
nocing cnrrent,

2143, Tho dovolepmont of w aphit in tha soust
cnrront of westorhion, olthor gver n saiall aron o on
a hemisphorly seele wlll radienily whor the strae-
thre of the tong wivven AL prosont o e nat posabils
o farecast snch n spht with any minoant of acon-
raoy andl) it i wotnally under way, A pussible Hne
of attaek on thin prablem, buwsed on theovoidml
work by Hoeshy [19] hing boon publislied by 1tex
1261 bt b e, you boon thironghly tested,  (Bea
whia the miggeationa in qmr 2 18)

. REMARKS ON LIMITATIONS AND APPLICATION

2.15.0. Oragraphic Intluencen.  'Tha question
oftarc nrisa an to whother or nat certaln parta of
tho long-wave pittorn onn ler eonsidored as “koy”
fonturon, thelr loeatlon hoing fixed by low-lovel
mdonold  fields or by torraln,  Several oxcollont
papors bearlug on thia subject havo beon writteo
ly Baofli (1], Wilkine [$4), Blewart, [32], Chariy
and Fligamn (5], nnd Bolin [2] Thoey hinve doman-
shratod that the Inrgoer rellef (enturon of the earth,
Iy purtivulne the Andos, the Rocky Mountaing and
the Hinmalayan-Cantral Aalatlo platosus tend o
“anrchor’ ridgos tn the uppor-wind tietd iy the tongi-
tuiles corresponding to thn rogions of high surfuneo
vlovatdan,  The dinmaslone of the trongh-mnd-ridgn
pattorn downstream depend on the stationury wave
length,  Wilkina indiented that the Contrul Asian
platenn pontico tho it prosaninsed Lapograph
vud pffeot in the northorn lemisphore; snd that if
1} 9 wostorhies nre found at low onough latitudes to
haplage on the weat alde of the plateny, the ridge
whft ta thy north is ertremoely depondable. 1l the
weatorflon are fonndd at higher iatiundes, iho oitevi
of the pleteny v stall jmpartsnt. bat, not quite 1o
deparainbio.

8.16.1. 'The Inflnenes of the Rocky Motnfuina i
miowiad loss atrong than tlmt of the Asinn pin
tosng,  Whon tha musxhonnn scanl flow is found in
relatively Jow Intitides, peraisten) aold troughs s
ocoegatonatly fonnd over the Rookns,  However, I
the janstmon westerlien are found in higher lati-
tadon, the presoncs of nu uppor rldge e moras de
pendable.  Tho oifect «f the Aslnn pintenus s often
ateony erwagh b dempt the long-wuve petiend o
fa vieinity, wherons the offent of the Roekies s
moat often paprossed In a Inck of ’Rymmantry of tho
forg wave In that sarea,  Thin will he shaseved
w temporary influenos in flxing the uppne rldge ovor
ihe HRookies whils the major troughs to the assl

and i tho wost move wlong.

2050, ''"ux angararr MFFICELYY AND MONT M
PORPANT LIMITATIOE IN UK AFPLICATION OF 14N
WAVE FECHNIQUEM IN DAILY PORECARTING A NINKA
FHOM THK FACT THA'E THE ATMONFIERR HOES Nap
ALWAYH PHERENT A PICPURK DF A WELL-UKEVINED
FONAL CHRMKNT DAVING GUABI-HINIRGIDAL PERTIN-
narrons. Fho Hest stop hy thn foreosst ronthne,
then, ls to soloct the weet o the upper-alr clinrts
whore  the notisl flow  pattern  appranchen  tiis
model  wn wrea whore there is n woll-definod ganal
enrront contnining majar (roughs wid ridges,  For
other nrean, which mny bo ehnmetorizod by hloek-
myg, .or oxnmple, long-wave technigqaes aee nat
nppropriste, and othor technigio Lo be discosssd
In ather parts of this manual monst be umdd,

£2.16.9. Yor oxuwmple, the dX)-mb clinet for 2
April t981 (hy. 10), cantaing a stroug bely of wostor-
Heg nt mld tatitydes fram eentrat Awin theoueh the
westorn ared contel Paaific. ‘Thore i one mnjor
irongh ovar tho easi coant of Aalis iaod anoltine one
wt wbaat THAYW. Iinovie estern Pacilie the wonter
frem wplin into two dhatinet carreats, one st Jagh wnd
mwther nt tow Iatdaydos,  Both branchos are vory
weak over wostern North Amerlea, A bhiocking
mtuntion, a8 dotined by Rex [26], oxlste over thin
aroa, o this sase o comnputation of trongh inotion
ey be mule ancoesstnlly an the ranjor trongh at
IN8°W; but due to the large alteration tn tho pat.
tarn downatroam fran thin neen, fong-wivo teeh-
nigien should not bo wpplied to the low off Cab
fornin or to the tronglc ever exatera North Ayoorien
The weethadn of fovecanting lonyg-anave molson, aa de-
arrthad  premously, shovubld be considered as a0 fool to
be waed orc ceriain recognaiable types of flowe pattarna,
Thotr ndiocriianasio use ou wil v pen of How pat
torig will Jead to o inrgo porcontage of failaren,
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Figure 10, B00-mb chare, 300 GO, 3 Apetl (951,
G. NEW TECHNIQUESN 1IN LONG-WAVE FORECASTING
2.16,0 'Trend of Research.,  Tha sapld davel- #.16.8. Forecasting the Long-1Wavea by the Fjoriaft
opments tn thn field of nunwrlenl wenthor predie-  Graphical Techmgue,  Foreonsting of the long-wave
tion shrring thie Inst fow yoree strongly suggost thnt puattern by graphlenl monns conaits of mAapping
in tho near future foreenstas of lego-nenlo flaw gt the nbanlute vorticity of the long-wave prttorn nnd
torns (unl mnall-seale pattornn) will bo propared ndvecting it i a snitably flow field. ‘The advestlve-
ahjpctivoly eithor by the uso of np electronic vom- fiold s nhtnined by construeting a apace-monn chart.
puter, or hy graphios! niesna l“]ﬂl’t"ﬂ. [11] has of the uriuilml 2-chart (po0 pnra. 2.4.0), enlled o 7;
dona the plonesr worl in gerphionl mothods of (Udenbde Vee-bne”) ohiit, uan 4 w ’yid wmio of T
numorien]  prodiction, ronlizing that the serviess  duutieal mils, snd adding o the 2 s field which
and for producta uf s expensive electronio oam- asevounts far thy grid length, chnnga of Coralia
pubar wonld not ha availabie tn many inmeasting petetctar with latitude, and map projection The
stanions for several vears, graphical stops nee similar 1o thosa psed in con-
210 Fisrtoft Method  Soction 11A (qur. 3.1 airucting a Z-chiet,  (8vo Appendix V) Thae addi-
5.2 bolow) disensaes tha use of thin gphical meth-  tional held, A ia added graphieadly to the Z chrt.
ot the foreensting of the anallor acale flow pat- Ay da mvariant withe thoe, and can therefore b
ternn In Apieil 1054, Vjortott demonstrated nt computed oner ored for nll for tho map projection
Headpnrtors, AWR, nn extonsion of thin inathod, used. The follawing valuss are far the polir stereo
whoreby  Iwger-sealo  (leng-wave) flow  pntterne Baphie projection. and grd wiae ol 720 nanthnl
conld te formant for poriade of 24 10 48 honrs,  If niles
thin method I ws soecomdn! rae prelininary tosts 246°N 200 feet hi® 800 feot
hiwve lmllentod, thoss partn of the heroin disonsmed STH°N - ) feot- 20N 1000 foet
lonry-wiva foreonsting tochnique which nre hused MO 800 fret LN 1900 st
on tha use af the Rosaby cquation will be ont- Note thnt this fiekd e wn esst. to west flow-field
minded and replnsesd by more objiellve geaphtoal whicle resulta o vedueing, and dntorting the z-ﬁnlcl
meathods. A briof description of the pramxdurs for (M -field ia pegligible for the small grid nsed in ob-
IN6rtoft’s new smothed follaws,  Detrehmants with taining the 2-flow, wndl therefurn has hiean neglocted
sttticlons facilitics 1o eaparbiont with thic rew ap
proach are anconvged to do sa. {Contimsd on page 41) |
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MOTION OF THE SMALLER-SCALE SYSTEMS IN
MID-TROPOSPHERE

A.

3.0. Relative Vardodty Charte,  Chnets of the
rolatlve vortielty al 500 wdy have praved wsetni in
the forecaating of tha munller-wonlo fow pattornn in
mid-troposphore Aduring & trial perld of two your,
Thn prinelplo fuvalved i one whioh line hoon woll
vatabllshied by trials in numerleal prediotion, suwme-
ly that tho mnjority of the changes b thess yinttornn
obsorved i mld-Leopeaphere oan he acoounted for
by horlsontal advoction of absslute vortlely,  Far
short timo perlidn and snsll-scale systomes (b is alu.
trun that the ndative vortleity in mid-tropoaphoere
aan bo troated we a rolatively counorvative property
Mun Lo the pressnce of vertloal nhear in the atimos-
phery, thls ean b true in the average far one level
only. Crenmunn {10} fonad In kwo dilferout. situn-
tlona that linos of ahsolute varticity (llnes of roln-
tive vortleity also, Lo a good approximation) meved
with the following percentages of the wind speed
normal ta the hoows:

' .
Cangtant proagura sartaan tml) foa Ny §1} 11

8 7 Jamwary FHA8

Maas wovement of linex (Per cont | 12 ™ W
of nornsl wind speed) ! !

Humiand daviniion {(porceatagn A e 1o

Hiawland devintion of mse 1per 7 Al X
coanlagn), ! i

Nauher of meaatreinenia It {4 4

18-8) June 1068

Maua mnvoment of luea (per cont | 113 oo An
of normal wind epred)
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From ths abave data it e be cooaladed that
tha vorticity linew aiave with approshontely the
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THE USE OF VORTICITY CHARTS

npece] of the wind norvad Lo thiene gl 00 anh, or
with npproaxipintoly MO pereont of Lo M wmh wr
wnl wind spead. A roconnnonded guocerllare far
anhieg the prinolple follows:

w Analyain of the v iy choart i ha weotan-
plished gulokly by graphieal mothods.  With ref
oronen Lo the grid of figiure 3, the relative vartiolty,
te can Lo written

4

m
where g Is the sceoloralion of geavily, f ia the Cari-
olin puramotor, d In tha grid siso (dlstance from L
to A), and 2y = (Za + Zn + Zo + Zu)/4. U the
crgid DOO-m b ohiirt wsaistenceted graphionily fron
the spnes-mean (Z) of tho wue chiart, (so Ap-
pendix), the resuliing quantity (2 - Z), is used as
B representiuon of Lo 1elebiva vorlicity.

b. The movement of the relative vorticity or (2 —
73 hnen in then givere by RO poreont of the eompo
nent ab she G0amb windd normal o the vorticity
tinen  Uaiag the goontrophios approxanidion v thae
AOO-mh windd, tha motion of the (7 Z) linon can
be calealnted feow their intorseotions with tho bX)-
i contbonre (4 lines) with the aid of w geostrophic
wunl senle,  Howaver, tho only differancs batwoon
the Z lines and the 2 linen ig the vorticity patboen
(2 7), which cannot mdvect il 1t follaws
therefoen that the vortioity lines onn alsa b ad-
victedl with BO poreent of the whnd camponent on
the 2 clinrt, noenzal 1o tho vordmty lines, 16 in
anntoranry, Hherefore, to copy the voctinity patisen
(2~ Zy on the wpacx-moean (2) chart, and to omie
prites Lhe spoml of the vorticlly Honoa from thuir .
tormections with tho 2 Hoes "Phin is Hhatmted i
furs 11, The speod of the (2 Z) oo nonnal to

(28 Zu).
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aelfl in obtained by using the geostrophio wind
wonle on the distunce X, in oxwapls (w). 10 the
onstward mpend of the vortioity Hne te denired, the
goontrophic wind senbe whouhd Lo agiplisd to the
tintanos S, we in oxample (1), Tho advantegna of
uning, the 2 hines to compute the matlon of the
(2 ZY o wve. (1) tho twea sole of Lhoen nes ws
n rylo more perpondicnlar ta each other than wonld
bu the case if the 7 lines wero wwsd, and (2) the 2
puttorn changes mare alowly with time than the 7

pmttorn,
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Figure (1. Mehematio dingranie of adyectlon of
vortlolty flnes.

0. Compudationa of the movement of the (2 - 7)
Yinen at map Limo van then bo sngared on the ehart.

Binoo the (2 Z) linos ohiarantorise ocertain foa
turea of the flow patlern on the 500-mh (2) char,
mih s tronghs and ridges, highs and jows, those
featuren will be maving with spoeds almilar to thosa
oomputed for the (2 — Z) linen. ‘The usa of the
apeed computed al nmp thne for n thne interval
extending into the (uture 18 of canrne subjeot to
changen in the Z chart.  Howovor, the Z chart. is
rolatively  stuble, elmngig ooty alightly  during
moat 24-hour porinda, and to s good approximation
the (2 —~ Z) linea onn be visualisod as maving along
throngh n stable 2 pattern for pesdods up o 24
hours,  Movereats in the 2 pattern veflect move-
menta of the fong-wave prttorn, and in the cam of
stationary long waven the 2 pattern van ba oan-
ritlored] atntionnry 1o poriodic in axeoms of 24 hours,

1.0, An Essnmple.  An oxample of & somputa-
tlom with tho ald of A& vortivity ohart in shown In
figuros 120 0, Coamptagions of the castward mo-
tion of the (2 -~ Z) lines ammoolstod with a 500-mb
trough and low ure ontored on the spase-inosn and
vortieity chart,  The following conalusions can b
denwn “rom the ramputatioos (o this example:

W) ‘T'he vortiolty lines on the woet side of
the trough are moving eantward mare mpldly than
thoss on the east slde af the troagh, implyieg
shat, - aing up of the trough.
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(2) Tho nverngn of tlw cwonpututimns he-
twoon 307 amd 40N, whare tha maln part of the
trough is found is 20 kivda {ioward the east). The
avorage of the computaticna hetwoon 40 and BN
in 16 knots,  "This dlifforance in eastward apoml st
the diffocont Intibudon Indicalon o cortnin ptount
of ratation of the trough

8.0, Tho MXkanb oharta foar compotatlon tmea
and for 24 houra Inter aro eepreduasd to shav haw
U conguitatinas vorlfind,

3.2, Errare. Bome of the errory arinlng fram the
simplifying assnngptions underlying this mothod are
ranrtione] helow

n. Urnphleat or procodural errors sonde ia thoe
pravess of abtaining tha 2 and (2~ 7Z) vhiarta,
Thoss man Le wllininated s tho analyst Dooonnios
exporlencod In they oporstiar.

. MOTION OF TROUGHS
PETTFRSSEN

1.3.0. The Equstlan., Pettorsson [23] han ar-
tlvedd nt the equatien for the mothad of teoeghn sl
ridgow,

{1~ (LA

IF— o,
1 4 (L/3uB)
whaote:
(! e apend of the trou b or rldge tlan,
{/ «wiud spend L the Lrough or riitge loe th the core
nf the lnt,

genorshward variattion of the Corllls parsoeter,
1. = wave {ongth, ancd
Hoem hall-wallls of Jol.

.31 The troughs aml vilgen of the Jong-wave
pattorn aro usually doterigined by peaids o mtii-
i and jasximum atitnds of Lho contours o an
upyoe-air ohart, ey mpy alws be dotennivnad Ly
maxlmum varvmtare of thy coatome. Huowsevor,
when minur troughs aml ridges are anperimposod
arc Lthe long-wave pritern, the remalths,, aanlyals s
ccanplox.  The adnar systoine are alwayn vbarac-
teripnd by maximan wreamllne anrvatum. ‘Tho
formmla giver, Cv Potlarasan win derived to apydy
C cudgew) having nauxdnism enevatira
of +  stremalines, mad not novessarily  nnwing
thirongti puints «f @l o maxinom) lotitode

to tree he

b, Ereom in the vortivlty anslysls due ta the
Inrgo grisd sizo umod.  Thoese result In underestimn-
tion of relatlve vorticltles ssscolstad wlug #trong
hotlaontal ehoar,  ‘Thay ahow wpy moat often by
lemding to averestlinatlan of the notion of nuti-
eyelofies or rdigen whea stroayg horizowtal shoar
oxluta sonth of tha jot. Nothing ean b dens ahoat
thin type of error axcept Lo wateh for tt, as tha grid
wine ln lixod within narrow lmlts hy many eoawid-
ornliony

o. Vrroes It the vortlolty nnnlysie . g from
orrare In the originel BO0-mbh nialysis,  Wish the
Inrgy grid wizso paedd, Lhesa are ummtly ot sortonn
mdose grosn srrors oxiel e the originnl HDO-mb
annlyals,

. Brrars In the forooant duy ta tha uporatlan
of nonbarotropls prosemsen.  These affoct the in-
tmaity of the vortiolty patterng, It sddom lave
a algnlfieart Inflnenco an the apesd campnintions
far mtowt porloda.

AND RIDGES FROM THE
EQUATION

of the contoirn, In view of thin faat, the following
nugrestlone onn to offared for it applioatior

a. If there are no minor trougha or ridgea
superimponod on the wung-wave pattern, the oqua-
tiun may be upplied to the long wavoes, alnva the
major troughs and ridges are then charaoterlsed hy
maximum arvaturo of the contovs,

b, 1f miner mystems are supsrimpossd on the
long-wave pattern, the oompuiations should be
made on tho suptrimposed minor yroughs or ridges,
and not on the major systoma. For oxsmple, If
thers e w wido tronghe (s ir ofton the cass with
uluwly movig mnjor trougl) the strenmlines aad
imothermwn shionld e onrofully inapactad In e aren
of thoe trough fur indleatlons of wlnor tranghs.  The
latherins will ofton offor » good cloe.  If sioh u
minor traugh Ia found It i the computatlon an thie
that should he attempted,

858 Twsms, Tt han boon found [18] that the
Pettorasmi equatlon givon the host remulis when ap-
plladd o the 800 charts.  This alone doss fat
nocomanrily  monic that 500 wh In near the mean
lovel of non-divergenes, bt rather that the total
offnct of all the teriar wawumed negligllde Irs the
derivation |a lowat e WK mle Thin th shown by
the averagoe algelimle (aystomatin) error (troughe
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and ridges Included tagether) from a sminplo of 100
ocoraputationa:*

Avarege algahesle (aysismate) srror Joag deg./day)

Murlsen

700 mb -q.8
800 mb 4+3.3
300wl 1137

3361, The varioun parmineters used in the
aquatinn ahould bo massured as fallown:

8. T'ho wave length, 1, in determined aa twloe
tho distanco from the traugh (ridge) to bo eom-
puted and the npatream sidge (trough) ln he jot
ntroam.  Again, the necessity for oarcfil solection
of tho propor nystems to o used must he empha-
sized. [or example, whon noinputing the motion
of a trongh, ona ghould go upstrenm along the jet
and shioowe an thie ridgo line the first llne of maxl-
mam  antieyolonio  enrvature of the steeainlines.
The um of st major ridgen shonkd not be at-
temptexl.

L. ‘The latitudn s that of the irough (rldge)
Huo at the jot stroam.

0. The oore aposd, {/ la the maximum wind
spood of the jot at the trough (riidge) line, deter-
minod an & best eatimio from obaseved and gradi-
ent winds,

d. The half width, B, along the trongh (ridge)
line, in the mean of the distancea {rom the core of
the jot to the points north and south of the jot
when the wind speed firat drops to a value of 1//2.
It Is usally profitable to draw Isotashs Lo obtaln
& wnd

v. The 24-houre displacesnent in given along a
line porpendicunlar to the trough (ridge) line, and
paanlng through the jet strear at the starting posi
tion. 'This is usmally a distanos along » wost-aunt
axin,

33298 'The bost reenlts «ill be oblainod {f
the trongha (ridgon} to be compnted are nelectnd
ander the fullowing conditions:

a. Adwquate upper-unnd date are necessary.

o Ouly veses should be mlocted where (he
aireantlines have € welldafined  sinuacidal  pattern
fromn tha trough (ridye) in queation for a distance of
L /8 upstream. Symmotry of wave longths up and
dowantresin about the trough (ridge) Is not re-

quired.

® Bon Appoadis lur nomogium foe enlution «of the wpuesion.
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¢ A aimple and falely eymmatrio velovity pro-
Me along the traugh (ridge) line \s necersary. 1f the
veloolty profile rlong the trogh or ridgs llne In
snnpley, with more than ono maximum of apeed,
or with a notabls lack of symmetry, large errorn
may reanlt.

3323 A test of IA7 troughs and ridges hy
Johannesson and Crosnan [10] has indlcated that
the following correotions should be appliesd to the
results of the oompotations;

a. Deduct one longitude degroe per day from
each computation of trough epont.

b, Deduot thren longitude dogroos por day
from the computed motlon of each rhilge waat of
the Rooky Mountains,

o. Dudnet 8° pee duy fonn the compntod mo-
tlon of each ridge aver the Roekie,

3924 A furthor teat by Johisnnessen and
Crossruan on a new samplo of 3 cnses wan made,
Here, the sorrvctions ndicated shove were aipliedd
to e computations.  The rosnlts are mnminarised
In tha fullowing table:

No. of canea_ . ... S b
Mean nbsarvd apacd (fong. ey, /day) . 04
Maan abaoluts arror of compitad speet
(Jong, dog./day).......... SReace A8
Mean srvor of an extrapuinilon forecnst
(Jong. eg./day). [ X))

3.38. CoNorLusions. It can be seon from the
above resulia that the aquation of Pettorssen glves
good results when the troughs and ridges to be
compuisi wro selociedd  carofully, wid wiion  sio-
quate data ere available. Tho strlot data require-
monts for thia type of computation lmlt its effec-
Uva use to tho area of the Unlled Stales, and poi
bly weatern Furope, where good data are svaliahle
There ta no real confliet hetwoan the equations of
Pottorsson and Rusaby, inasmionich nu ench is umweful
under cortaly spoclfied conditions, and for certain
purposon, as deacribed oarlier. ‘The Rossby equa-
tion e sultable where the data are not so compliote,
1.6., over vcoanio arens a8 well 8 ovor laed, hut wili
not givo mich « detaibwi {orecant as the otterssen
equatlon, giving only the long-wave motions. The
Pottormon equation mey ba regarded as n more
aoontate axtenslon of Rossby'm work, applicable
where relined data pormit ita use,
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CONSTANT ABSOLUTE-VORTICITY TRAJECTORIES

4.0. Definttion.  The horlsontal  trajsotory
talen hy aa air pureol whoo s sheolato vartloity
e rouworved (o, the rlative vortloity changes
ouly when thy Corally paramotor is ohaiged) s
defined ns n Cunstont Absolite-Vortiaily T'rajectory
{CAVT). Thom tenjectorien wee computed  frm
the snam farm of the varticity oquntion aa In amed
i1 derlving tho long-wayv  wquntlon,

4.1. Relation to lLang - Wave Tochniques.
HSleo oonstiint abwolite-vortinity  (enjectorion il
tho long-wave {vronnating tectathines wro based on
the anme prhwiple, thay amally glve simillar resulbts
whan applled to s forecast peahlem. However, the
vompatation of lndividanl trajectorion oan ba made
hie mors compllioatod pritenis thaee thoss to which
tho long-wave techniques wan bho applied, partiou-
larly in tho lrrogular prttarng whore wave length
onn hardly be delied.  The basio theory of aonstant
absolute-vorticity trsjootorics has boen surunarised
Ly itossty j48)

4.2. Cholee af Level. Agalic tho questian of
L vorbiost shom prassont e Lhe wosterlivs sausi be
onteidored, It s evidont that i the wtawsphero
wave spred and waviclongth are enlntively conatant.
with huighit, wlorews the wind apecd igereuson with
hoight.  Tho mame reasoning applive hore s wiw
usadd i the application of equation () fur the loag
wuvi,  Hmeo thy wmean lovel of aom-divergmme s
near the 800-mb surfoce, thy wind apreds 1t 600
mb should be applicable.  1n & comprehoonsive
stinly of tenjoctoriva, Ialte [12] indionted that the
15,000-foot. winds (nbort &0 mb) were probahly
the woat, asitable for uno lic tho aanputations,

Amnming  the wind  gonernlly  Inoressns with
hogght, sl thy axon af whe troughn and ridgas am
canantinlly vortioal above 708 b, thda vemdt monns
that thy luvel of non-diveigetce snd te heel vori
tontlan of the teajootorien e 4o he foand sume-

whare shuve 10,000 feat.  In view of tue work of
Pults and Namlas and Clupp () approsbnalely
800 inb meion to be the lovel from whivk witda
shunltd be solected for trajectory vampatation,
praciiee, howevisr, thero winds are vatimated by
mlooting the initind paint. far compotation nt 500
mh il diduetiug oie-lifth from the 800-mb wiad
apewsd, Uhin b justifiod Ly the faect tlat the oo
tlor of tho winds at 800 b varies ouly vory slight
ly froud thast at BOO mb In the pronmuneod carvents
whoro Lrajecturion nro Lo be coagmiod {(me para 4.3b
balow); and hy the fuot that o mudorata or streng
tropospherle ourronts the wind apoed at 0600 mb
avorngea vory close to 80%, of the spoed at 800 nda,

4.3. Seleotion uf Initial Point for Compuia-
tlon of Canstant-Vortlelty Trajectorien.  Tlds
in the atep apon which saccess or failure of Lo ro-
aults often deponds.  ‘The eonditions for ita soloo-
tini aro na follawa:

a. Tho herizontal shonr wi the initial pont
stionid tw zero.  This voudition s novessnry bo-
cauee i the computations the relative vortlelly is
mened tn Lo Jdue entirely to tho aurvetnre of the
atemunlizen, The vortivity chart desoribad in See
o THA e frequently asefal i doteanining thin
cemdhtion.

h. I'he winds at the pomt soiestiad should b
pitiuwted i nowall-detinod curvont, atnd shovld! be at
lonst 45 kuots in spood,  This i nocisanry sineo the
windd apond ia asmureal Lo be constiurt o the tea-
joctary computations. 11 a wellalolined ourrent s
urid the pomihility of i deeay during the forneast,
period ls st aminimam.

o. The thinltatlans of the compatation nothods
penarally nvattabie rmtriot the poiats of the tra
Jootory cotmputitlons to lnflention poluts of the
utremmihen,  Thie sondition togethe with the trat
two vonditions ean then bo comblued o) say that

49



tha intisal point for a computotion shovld be nelacted
tn ke cenler of ond at an sflection point of a well-
defined current,

Soveral camnputation mathods hwve been juls-
tiwiod.  Muosi wothods ivolve s sortain wmount of
errar arining from vanious shoplifylug sasnmptions
vhloh urn mads,  The use of tablos «r slida ralos
vonstraotind for trajecioiion i o flnl parth glves
fairly ncourate noraputetions for anididln Inthades
fur parlods ap o 30 hours.  Special ccmputemn or
aoreaotion graphs shoald ho vsed for high Iatitndes
wndl dorggor porlode (13} 4] 16 I8 found that the
tlow of air in the atmoaghars diffors fram oountant-
vortloity patha more than the approdimaete pom-
putntions tta.  This does not lesson the desirability
of starting from aceurate romputationn.

A worvelanlent (hifereatinl annlyser  (Cwiggle-
waugon'') han bosn pasatruoted by 11 B Wobun
whioh plote acourate constanl-vortislty tenjectoring
for n ephorlonl onrth dirently or a8 mng, but thia
appatalus i not ganerally wvailabil,  The Tauike
given i AWRTR 10a-80 wore vompnted with the
ald of ths vanputer and ave recommsndod an being
the most. wonurate avallalde snd the most con-
venlont for use,

Trajeciorios. Thore are soveral. The first and
inost dirsot method s to plov teajeotorios from as
many starting polnts as possible and then to use

A

Lhe whinda hiterpolntad frem the tenjeciorieg (or the
forcenat thine o il preparation of a progrostlo
olwit, 1o vorifyiig il resalta it ls gonoreally found
that the wind dtrestin wili vonfy mam olossly
than the wind apeed.  Thin ean be exphunied partly
by the fuct thay tha wave joagth of e tenjootary
will vorify Dbetier tlowa the amjditiale ami pardly
by the faet that on mny apper-nir chaet wind apoeod
vivrlen more rapldly in the horisontal 2hrn wind
diraction,

4400 AN wxaMieny ab this procedure s given iu
figgro 13, Duo to the restricbions governing solos
tion of the aturting paists, ouly six or soven Lru-
Sovtorlos ennld bo vompaited from this map.  Ouly
four of thesn romaiued on the minge far A 3t-hour
porlod, 14 eap b weon that these fonr Lrajestorion
are unt ensagh to yield suflieizat oforuntlon ta
deaw s jrognostin chirt; bt they o give foreoast,
wiiide with which a prognostin vhart, whesn pon-
stenoto], shonld bo wamde e agron,

4.4.8. Anornet vaw of the trajectorion o s
tratad In the wame figueo Tlos tines wt wlaeh the
trajrotorise jinna pointa «f waxivaum and miniraum
latitude fix farecats of ridge- and traugh-dine powi-
tlons at those timoes, glving a moasure of rldge and
traugh wavenunit.

It shonid by adiesd that in the abmve axample
thero wia & good flow of wostertion acroms the wap,
Bimilarly atcovmsfnd veriflostions wlil nnt bo ols-
sorved if tho foreoast trajectories run through a
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‘ 4.4.0, Mothodns of Using Constant-Vortlolty
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Iege aren of mlagonnt clroalation or nn area of
Fdooking, 1 foeeesst  tjectorion front w wall
developed surrent entor and pam throaglo sush an
aron an aeveri) anoecosmive mage, eho shonld oxpeot,
n poneirabion of the woeaterly ourvont Inta the stag
namy or Bloeking aren,  Thia petedrations wili oosus
In npproximately the swme pdaos we indiented by
tha tenjectorive, but at » slower ralo.

4.8, Applicability.  Slnee the camptation of
thean trnjostarion ia basod on the satne principle wa
tha fong-wive teodmigner desoribed oarller, U ia Lo

(Continuod from page $3)
in Section HHA) A reprosentation of the abrolite-
varticity-fioled ia now abiained by subtracting the
2-field from tho 2§ Myheld. The advection of
this vorticity fleld by 1007, (teriative valna) of
the 2 4 Mtiold indienten the motion of the fong-
wavo fonturos.  Advection Ju compstexd for 24 and /
or 48 hones "Vhie advectlon is bassd an the as-
wmumption that the 2-1leld varios vory slowly with
thne,  Tho helght-protile chart (para. 2.8) of a

ho capoctod that appraximately atmilne reaults can
be obtabsed from the nse of both methods, How
ovaoe, it would nat ha praper to conchirde that onoe
or the uther swihod i supseflucus, Reiher, the
somputation of A number of  constant-vearticity
Wrajoctorion w4 tap provides s conveniont chonk
wun tho rosulta from the long-wives annlyain.  Onu is
novor sa contident in a foroeast by any msthesd that
u clwok 1o nob dosirnbile. Alro, wn mertioned provi-
onaly, conastant-vorticity tenjuoiornion anre be apegHod
somew hint ore widoly thaic tho long wave mnthody,

Z-contour ookl bus nwed as w chock on thia A -
An approximntion of the foreeant long wave
patieann i ahtatnad by adding the 2 4 Myfield o
the foreeant vorticity paitern, 2 — (4 + My) geen

The motion of trougha and rldges of the long-
wave pattern aro delornined by & aomparison of
the ragnituden of tho Z. and My-flow tiekdn:  sta-
tionry, Z-Biold equals My-field; retrogression, Z-
field losa than Me-liold; progresason, Z-flold groatar
than M yfleld,

teon.
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Appendix

e e b vl

ALO, Compultntions  «f Stetleanvy Wave
lengih and Zonal Wind Speed.* Aftor ths
anedor for comprrintion hne heer designnted, the

haight wnd tanperntare of the o-mb anrfaco ean
he tabudnled soparntely st ihe bievasstions of the
Intdtude cireles {evory 87) and the mnrldiang (evory
105, Phowo data thon yleld, aftar avoeraging nlong
sl Iatitnde elrolon, the avernge helght and tomne
porature af the K00-mb surface for onele 5 Intitads
wirolo withiie the sector selocted,  An exmaplo ol
the height tabulatlon far wector 26°\W 1G8"W in
Hgute 4n i ilhintentesd o figure A,

Ail The mmM.iun of wleto and the hydrostatio

A.’;un ~ Ahyao ~ IRAT 4oy
whese AThao m the difference in Colsing  (Contr-
prade) degroms between  the average  tomporntare
wlong o Intitude cirelo wd the svernge temnporn-
tare along o socord latitude virele B ° (arthier seuth
(nurthward decroswe of teniporature giving posltiva
viluon), “The quantittos Ahyae and dligsy nro Lhe dif-
fermnoos of the nverngo hotghts in feel mlong the fira
and second latitude oiroles st 500 mb and 600 mb
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wions lml uml ul Mun slghta for givan lattude nra glotiad an sbbreviaw
1,; "‘t repgowirte [AB0 I8 NREM represents 303,900 14),
atrulated lmlaln. ulau (s taken from faum 4a

Figure Al Height tabelation schesie usedd at USNAF
eather Contral In ocom mlln Fonal Wind Cani-
panents and Suuonnvy ave Length,
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Vigure AJ.

Genstrophic wind-gragh.
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rpootively (northward ilseraase of hnighta giving
powitive valyoa),  ‘Vias relniion mesumos that the
merhllonnl temiporature gradiont at 500 mb In the
ansme s the merldionel tomperature gradiont v
oragod botwenn 800 b and 800 wb a kool ase
sumplian,

A2 From the sbove equatlan and {rom the
hatght and  anperature avernges at. 5° latitnde
intorvala st 600 sty tho helght avorag.a at UX) i

far 8" intervaln wro ohialnod.  'T'hesn vahicn wro
entored lnta the geoatraphie wind-graph (fig. A2)
to give the avernge 0-inb grastenpnly wost-wind
cosnponent, at 5 Intheda jntarvale. The weat-
whint coponent in given In unite of latitude de-
groes por day (nnlte of 80 nantios! milos), The
valuoa of siationary winva jength In longituda de-
greos oan ha pbtalned hy entecing the values of
Ahgen into Rgire AY.

ONETERMINATION OF ATATIONARY WAVE LENGTH
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Figure A3,
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ALY, The Gdlowing oxample ia postulated o
Hhuastrate the various poselhilitios snoountered in
meking theen compminticin.
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A1 4 'Pha vangquitations shaithl ba mnade aver »
rnnge of Iatitudos whinh inshiden tho helt of wistaor.
fiow.  ‘Thoe valuen of L, In theso tatitnde bandn can
then he nmed far dotermination of tho stationary
wave length,  Tho vahisn of woat-wiid spoed shnuld
he piotted in & muilahls graph (aon figueo 45, ami
camertad by o mnooth enrva,  The maximum valie
af wtatlhmary wave length will ordinarily ho found
ut or just north oo the wama latitude ax s inaxi-
mumn wosl-wind apoed.  This mextmim  valuo ln
then the ropresentative atatinnnry wave length fur
the vast.wind aurrent.  On somo vesasions, a woak
pecondary enrront of wostoriios to the north of the
moat praminent ourrent. will havo tho result «f
flatisning thy maximno on the west-wind profilo.
In each a sitnattan Lhe siationsry wave longie win
increaso rorthwara, aunaiderably vorth of the et
tudo of nmgimum weeterhiss,  When ahis ocours,
the vepresentnlive visivn of L, cat be ohtained from
the [
whnd profihe and $a tho conter of the west-wind
ourrent o e mnps,

e corresponding to the mnximemn o the

A20. Computntion of the Wuve Ypoed. In
the conrdimte syetsin of figae A4, the nxen nf
which ara the wave length aud Intionte, this rurves
af pLY [Axt an umids of bongible dogrees o day
hinve hoen entered. [t in then avidant from ogam
thmr () toer tho uperd o of 4 wave i longituda
dogreas por uy ean b ahiained by snbtiction of
tha valie of AL fann pfL02 42, when 1, han
boen ahitalngd an derevibed praviously, sed L haa
been mearured from the Bauby chait. wl the Isii-
wde vorresponding ta e oo at whieds L, wan

b o R s NP R il i RS oy o A RN TR Bk R mmmgww e R 8

N
{

aoteckod.  The weve spead then appllea at the com
putatinn latitade,

WAVE  SPLED COMPUTATION
L DEBREES LONGITUOE PER DAY
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WAVE LENGIN, OEQRERS LONBITUOE
Flgure A4, Dilsgrain for detecudnation of ween
rpreeald,
Ag.t. Whon the metlon of A majnr trongh s ile-

nite], oaporieies han shown Lhat the wee of ths
wive Jongth Lo the next major trangh ujpstronm will
ghvo tho hoat roanlte,

A3.0. Coastruction of the Spare-Mona aud
Vorticity Charts.  With referonoa Lo figire 3 m
the text, the proeedure oonsints of first averaging
the sharls vertored at A and C Ly addig graah-
ically and dividing by twn (o AWNM 105-50/2)
to oblain a toft to-right (hovizontal) avernpe,
thon nvernging the eharta contermd g D and B3 fur
a vertionl avorago (at right angles to the left-to-
right, average).  'Tho swulting  honsontaity  and
vortinally nveraged charts are then averaged ta ab
taine the 2 chart, The ateps in idetnid foilow

Wi

n Cooy the ME)rab chinrt (roforrod (o helow
na 1), whoch hina hoen enrolittly aunlysed with con
tuned at 2000t iidervads, o1 an neotwte (T1)

h, Ovar the HX)-mb ohart, plice the aeeiads
capy itsplacm? noindenio of 720 unntioal milos 10
the right. Pl nisother acetste (1D oavee thems,
horisnntelly contorar) hotwoen thrm,  On 1) draw
aontoirs ’l 200-00 Intervale ceprssonting the sy
ommge of 1 aad s dicplaced,  Have Chart 111,
witeh repraeonta the harizantal average

Tuko Chart U agrin nnd plaon its copy, i1,
ilinptaced thin Lin i dintanee of 720 cautionl milon
nt. rhght snglen ta LhaaBaplaceinent in step G Place
another weetato (IV) over thesn, contorud hetween
On 1V denw contoars st HXD L

thens, imforvnia
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roprepntig s average of 1 oaid 11 an diaplaced
s ropeasents e vorbenl avoomge.

. Conter Chart 1V wa Chart, TEH, whio v din
placoaent.  Placo n clonn wentsto (V) over ahesn
nod dmw contaure wt 20040 anoevaln cojasecdmg
the avernge of Chnris HE nad PV Thin in the :lo-
siend spnee mont el

o ‘Ul relative varticity elmrt, (2 Z) vhinry,
in ohtalned Ly ssddmeting the atarting Mk)rmhb
chart. frone the spnee mean olmrt, 14 s helpfnl to
fait, nreown on the (7 7)) hen aliceated an that
taghor valien He wy the left, indicating the sonee of
il flow.

AL Solutian of Poticeanen’s Wave-Speed
Copuantieas, A avmogrnplae nadution of etiormmea’s
wheo apeed formudn (23] hina teony goepared 1y br,
RO Fletehor toawvinto tongthy  compatations
Thin geaply, Ggure AD, cemtainn all mdutions of the
cquation within what i coasidered w rango of me
toarciogienl vioinbles sulliciontly wide for nieanl
Wave lergiihn wgt fo OO nnndiond wilen
C e (wuglo of juchinn-

mn} v b 4t
sl civerd npeedn

SO e
nre songidored, as sro vidues
son of w ownve uaos from n
Sineo the winbapoed muge ¢
Letsween M korda fraan the eant and neco Han 200
kinoty Trara the west, (6 s ovident Ahnat sadubans
et he obtirbiedd for osat current-aare mtnintions.

A4 1 Whore averlaid whth nn acetnte, the namno
graph for wave-apesd enleulaticar may be nmed 1o
fulhnwe

o The wave length, £, monsntsi i ieriing of
vither bautical unlen or lititindo degroms, 1 ineated
on the top sonle.

b, A wnx poneil Gue {s drawn downward to the
shunting hne abelnl 97 H tle wave nxis tilly ap-
peecinbly fro@ the weridhana, the wins peacil liae
wovostinged dawnaword s it catil @ sosehes Lhe
Tt enee be wean thint
For moat

r Te rorvenpooding to the il
the eftecte of 1AL are ointively smnll
purposes neeeptable neenerey 8 olduined 1y an-
aptrdng rere Ul "This wea done lo the text (S
ticr 1T, where W@ Gl parmrocter win ot dis
U

o, The waa-peacil oo da then coctioand left
ward 10Vl npproprinta ¢ e ol ntitude,

d. Phe wak tene! tine ther w drawo sfown-
wined pndil it reachos the propor winel ngecd, whieh
i exprenanan] W daots on Ulda dingron

o Thoe Hne ngein is exisndod to e lefi o the
wppraprnate valne «f L7800 Tle LB paineter m

4

dimeasioniesn, whoenea it maat beo romstabines] that
I nuat be sxproasad T Lhe snae length apita as /..
e ahiondd Tey metod tlamt the wave speed is sonultiva
to the value of L/B Also whea I s Infuate, the
Potterwson equatlon rethiees o the Roanby sqan-
tian (1))

f. To (binin the waveepeed, in unite nf cithar
knedae e Inlitude dogrees par dny

() H the was-penrvil line liss below the exis
labolled “Nintianary Wave "' (L i edtondod upwnrd
L tho wind-apem] nenle, on whicl the wpeod s ox
prossed movithor kiwoba or Intitiure dogreos per day
hn thia owse the vomputed dircolion of wave mave-
raont in roninard.

() H tho waxponeil hine liew above the
idatiaGnry wave nxin, B de avtended downwenl Lo
the wind.apecd neale. Tore, the songattod directioe
of wive moavnaient, ie westuard

A4.8. 1 map distnncon are monstired In soite of
longitinle dngreen, slidoule o tnbadar compita
Lt ean lae emplayved for seovemlen to nolis of
v’ o degrovs.  Hawevar, the upper portione of
the. . aph onu alea bo ansd, shios the dletianes of
ane hagitude degroe squale Lthe distance of one
mtitude dogres multiplied by the conlne of the
nticade (Lo wp part of the nanogengds in aingdy
a graphieal maltipllentione of distances by oon ¢)
‘The graphleal procodure in an {ollowa:

a. On the top “Latitudoe Doegrees'' soalo looate
the number of longitnde degmes and extend a wax-
pencll lina down to the 0°-line,

ho Binw the hinn leftward ta the appropriate
latitde tine  then earry it doawnward agaln to the
0 Jina,

o Fxtend tho wax-poenell line ngain to the
appregeinte Jatitude Bae, tlen carey 3 upwaed o
the tap reals, wldck now wil! give Lthe gumbior of
latitinde dogreen (at the pertinesd Datidnde: eqgieal
1o leng bl to the nnnbaer of loagitide degoees ancis
ured on Lhe nnp,

A4 Advlitioonl ength
faelimc are nn folbvwee

and apecd  convergion

{mngih RIS
1 ot wih e (3 N7 1 atabda MPHU <O KR hoita
naaiteal wilow 1 K pne due ~{ 0
I kilogmoter (104 (NTIRTC LT w4 "
bankiont wilea 1 1L pne s b "
1 ial doy - Ol D lal deg por oy =2 K~

vardieat yallen
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